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PREFACE 


This report, prepared by the U.S. Department of Energy, Bartlesville 
Energy Research Center, for the U.S. Department of Transportation, 
Transportation Systems Center, Energy Technology Branch, Cambridge MA, 
presents results of experimental work to obtain information on performance 
characteristics of engines used in automobiles sold in the United States. 
The data presented in this report are from one of a series of 10 engines 
to be tested in the current program. This is the second of the reports 
to be published covering work with those engines. 


The objective of this program is to obtain fuel consumption and 
emissions data at steady-state conditions throughout each engine's 
operating range. These tests provide the basic engine characteristic 
data required to predict engine/emission control-system performance 
for transient operation. 


This project is funded by the National Highway Traffic Safety 
Administration, Office of Research and Development, Office of Passenger 
Vehicle Research, Technology Assessment Division. 


Ralph G. Colello and James A. Kidd, Jr., of the U.S. Department of 
Transportation, Transportation Systems Center, are the technical monitors.. 
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1. INTRODUCTION 


Data acquired from steady-state tests of a 1976 Chevrolet 305 
cubic-inch-displacement V-8 engine are presented in this report. The 
test results are sufficient to establish maps of fuel consumption and 
emissions of carbon monoxide, unburned hydrocarbons, and oxides of 
nitrogen over the operating range of the engine. 


The Chevrolet 305-CID engine is one of a series of 10 production 
engines to be tested in the current program. The steady-state maps of 
emissions and fuel economy generated by this program may be used to 
predict engine and emission control system performance for transient 
operation. 


2. ENGINE TEST REPORT 


A new mean-tolerance 1976 Chevrolet 305-CID V-8 engine was 

' acquired for this series of tests. The engine was mounted on a test 

' stand and coupled to an eddy-current dynamometer. All engine accessories 
were included in the test-stand installation except for the cooling fan 

and radiator. An alternator was mounted on the engine but was not connect- 
ed to the electrical system. The manufacturer's engine specifications are 
listed in table 1. 


Prior to testing, the engine was broken in according to the 
schedule outlined in table 2. A single batch of unleaded, regular grade 
gasoline was used for the entire break-in and testing program. An 
analysis of the fuel appears in table 3. 


Steady-state tests of the engine were made at the speed and load 
conditions indicated in table 4. The engine was driven by an electric 
motor at selected conditions to simulate closed throttle decelarations. 
The following data were recorded at each test point: 


Test number 

Date 

Barometric pressure, mm Hg 

Dew point, °F 

Inlet air temperature, °F 

Speed, rpm 

Torque, lb-ft -- BLH strain gage load cell; Daytronics indicator 
Fuel rate, lb/hr -- Fluidyne positive displacement fuel flowmeter 
Ignition timing, °BTC 

Manifold vacuum, in. Hg 

Throttle Angle, deg 

CO, pct -- Beckman NDIR 

C05, pet -- Beckman NDIR 

0»; pct -- Beckman polarographic detector 

He: ppmC -- Custom-built heated flame ionization detector 
NO,» ppm -- Thermo-Electron chemiluminescent detector 

Oil temperature, °F 

Oil pressure, psig 

Coolant temperature, °F 

Exhaust temperature, °F 

Exhaust pressure, in. H90 

Intake manifold temperature, °F- 


The following equations were used in calculating power, air/fuel 
ratio, absolute humidity, and mass emission rates of carbon monoxide 
(CO), unburned hydrocarbons (HC), and oxides of nitrogen (NO,): | 


1. 


Partial pressure of water vapor in intake air (millimeters 
of mercury); 


a 7308.1 
Pp = exp fe.717 S oes, 9 


where D = dewpoint, °F. 


Absolute humidity (grains moisture per pound dry air): 


_ 4347.8(P) 


Hinks BLP 


where B = barometric pressure, mm Hg. 


Humidity correction factor (dimensionless): 


iy J 
H > 1 = 0.0047(H - 75) 
Note: This factor is used to correct the NO, mass emission 
rate to a standard humidity of 75 grains moisture per 
pound dry air. 


Stoichiometric air/fuel ratio (dimensionless): 


X 
_ ONG Ze) 
ms MWFuel 
where — x = hydrogen-carbon atomic ratio of fuel 
y = oxygen-carbon atomic ratio of fuel 
MWfuel = fuel molecular weight per carbon atom 


12.01115 + 1.00797x + 15.9994, - 


Hydrogen concentration in raw exhaust (percent): 


nao OS CO)(CO + CO : 
2 seo a0) 

where CO = carbon-monoxide concentration (percent) 
COo = carbon-dioxide concentration (percent). 


Note: This equation assumes a water-gas shift equilibrium constant 


(C0) (H,0) _ 
(CO>) (Ho) pe 


Correction factor for emission concentrations from wet basis 
to dry basis (dimensionless): 


(5)(CO + CO) - Ho 
100 ace 


Cy =1+ 
Note: In these tests, only HC is measured on a wet basis. 


All other species are measured on a dry basis. 


Air/fuel ratio (dimensionless): 


NO 
xX 
AFs | (1# 5 - y) (CO) + (2 + 5 - y)(COz) + 2(02) + qe - Hp 


ipo ee 
BESSY CO + COp + Cy (qye) 


wnere 09 = oxygen concentration (percent) 
NO, = oxides of nitrogen (ppm) 
HC = unburned hydrocarbon concentration (ppmC) . 


Exhaust flow (pounds per hour): 


Me(1 + AF) 
ike 2 =O 
EX Gi 
where Me = fuel flow rate (pounds per hour). 


Carbon monoxide mass emission rate (grams per hour): 


MW 
a CO CO 
Meo = Mex (Tq) (yp 1453-59237 , 
where IlWcop = molecular weight of CO (=28.01115) 
Wey = molecular weight of exhaust gas (=28.967). 


Unburned hydrocarbon mass emission rate (grams per hour): 


MW 


HC), HC 
Mite, Sw 453.59237, 


Mac = Mex (poe 


where Ile = molecular weight per carbon atom of HC 


= 12.01115 + 1.00797x + 115.9994y, 


4 


11. Oxides of nitrogen mass emission rate (grams per hour): 


tho, = Mex( (Ng) (yO 7.) (Ky) 453.59237 » 


where ciel = molecular weight of NOo (=45.0028) - 


12. Power (brake horsepower corrected to a standard barometric 
pressure of 736.6 mm Hg and a standard temperature of 85° F): 


Meanie 786.6). (eos 460), 
Res sets (FEB Bias. ste 


where N = engine speed (revolutions per minute) 
T = brake torque (foot-pounds) 
t = air temperature (°F) . 


3. DISCUSSION OF TEST RESULTS 


The maximum torque and power outputs measured in these tests are 
in agreement with the manufacturer's specifications. Emission rates 
of CO, HC, and NO, are typical of controlled late-model engines. In 
the low-power output modes, the engine's oxidation catalyst was efficient | 
in controlling CO and HC. The engine's exhaust-gas-recirculation (EGR) 
system was effective in controlling NO, emissions. As power output 
was increased, the air/fuel ration decreased, resulting in less effective | 
catalytic treatment of CO and HC. Oxides of nitrogen emissions tended 
to peak at about 50 percent of maximum power. Beyond this power level, 
fuel-rich engine operation resulted in a decrease in NO. emission. rates. 
See figures 1 through 6. 


4. CONCLUSIONS 


The purpose of the experimental work here is to establish data for 
this engine. Those data are presented in the tables accompanying this 
report. 


TABLE 1. MANUFACTURER'S ENGINE SPECIFICATIONS 


Displacement: Cus Ties cus src. o: ate overetover easveretevereusnl cvenetercpeusners 305 
Maximum horsepower, bhp @ 3,800 rpm................ 140 
Maximum 2torque:< lib=ft .@) 2000: rpmkiittcct cece. eo ore 245 
Bore and Stroke al Micccnes. ocisisieis oil cvclatetsvenereteuedenenelel tered. 3.736 x 3.48 
COMF TGQUIAETION s oiacc ocecsterers, oseuchces crete tersiesencest te rorekens fave mroteciere V-8 
COMPKESSTONVatdO'. 5 cie.c c:cvc/ cleus wrens eters ouster che tererete ereteleretete S55) 
PUTING: OVS sr a: ccaca%s soue'cie (olla olin cheireusrevonentiensse(erepere strereerenctonte 1-8-4-3-6-5-7-2 
Ignition timing at idle speed, °BTDC @ 600 rpm..... 8 
BIOGK ‘MAGS R Tad sis... ia: <.ciec cco ts: 5 cvecsutenstcns eenenetstel olen tetereteiorrs cast iron 
Head materials jaitcic sco ee ss chevelle Steuer euaieret clone eu ratevereetnese cast iron 
Number of crankshaft main bearings............seee- 5 
Number of compression rings/piston..........sseeeee 2 
Numberaoteoil i yiings/ipalSicOnerreciierenctenier-tsnerierrereneyerte ] 
GaMuGVAVe FEV OO isle ees ae etc or eetieteeatevaerete eo eueeee ares nneze sprocket and chain 
Valve lift: 
Jn CoN a arene RA etn a nN Bi cis Sino Winid orto. 0.372 
EXMAUS E's. Tlic. cioissverels 6 & wieveve viet sree cate-ersteveusteCerenerererene 0.410 
Valve timing: 
Tnitakesopens',. SBUGs 45: ciao uy arate sors poreronommerereretersiere 38 
Intakes; closes: SABGscais sineurecteco meee ae eee 82 
Exhaust Opens). “BBG acts. ce. co< sicirereitei stoner sveretceeiens 88 
Exhausit: ‘closes:,. SANG scsc is achenvomc sorcenterate cetera 52 
Spark) DUUGs Gap se iminecsi. co cvove cry avanenoreusonsversotomerteyeterenerenoks 0.045 
Engjime weighty VD. cievecsits sets spe crwiestersse: cereus corsvonereheucremenerere 590 


Exhaust-gas-recirculation system: 


Val UIVOACY DO acca cvaareven se eielersteerereee ic orener peer eestor 
CONENOV AS TOM all icters cis cveteleraveatcereters caste eleeteeetenerons orees 
Podnitwofidascharngeins -acrecctetoic toi toretsnsrornerereetctnre 


Crankcase emission control: 


Control methodeasornc oeeeeo eee ores 


Podintof daschangentys «| cccreleusterereisvetevernorensrernere eter. 


Car bDunetor types cyeek crs ciescetcnce ere cleus unelencemsrene ate tencts 
Distributor specifications :* 


Centrifugal advance, begins, ° @ 1,000 rpm.... 
Centrifugal advance, intermediate, 

SGT 7OO rpms ashes aos celia) oeaietor canine aeene omens 
Centrifugal advance, full, ° @ 3,800 rpm...... 
Vacuum advance, begins, ° @ 4 in. Hg.......... 
Vacuum advance, maximum, ° @ 12 in. Hg........ 


Carburetoninumbenaaaacateeee eco Ceeecacee 
EGR svalliVe NUMBERS aiiinueccrvervelsioceisieiorecrerereiaie ier eerarere 


*Crankshaft rpm and deg. 


tapered stem 
ported vacuum 
intake manifold 


positive crankcase 
ventilation 

intake manifold 
2-barrel down draft 


18 
17056108 
7044090 
1112977 


| 
| 
: 
1 


TABLE 2. ENGINE BREAK-IN SCHEDULE 


Simulated vehicle Engine speed, Manifold vacuum, Fraction of 
speed, mph rpm | in. Hg time in mode 


Mileage per cycle = 90. 
Total mileage accumulated over 40-hour break-in period = 1,440. 


TABLE 3. FUEL ANALYSIS 


Fuel NO sc<scos si vices ere eT 
Researchwoctane’ NOl ces «1 -retseteieie oe ere = 
Motor octane: NO... «histaniis oetos ee ets 
Speci ficégravity —. ...psc..6...eeteepebers sie 
APT igravaitys deg... ancien into 
Distillation. ok: 
lO petvevaporated:.t7.4:5si.tonreltevctsrcte te 
50 pct Me eu SEI d Settee: Swope snotayeiens 
95 pct pls, oi tesceucee tek acaereters aeete reese are 
100 pct ME er Se oO feo 
Reid vapor pressure, psig............ 


FIA analysis, pct: 
AVOMATITCS ste szeis <a.5.6. tre's os Sie Sere ere one 


Sul furs (PGtisec << sranke istics cede enteral. 
Leads ignams/Gallrncrtcistacsecneneicrroreicrre 
Hydrogen/carbon atomic ratio......... 


Oxygen/carbon atomic ratio........... 
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CORRECTED BRAKE HP 


BSFC, 1b/hp-hr 


160 


140 


120 


100 


(e2) 
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fea) 
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> 
oO 


500 


1,000 


FIGURE 1. 


1,500 2,090 2,500 3,000 3,500 4,000 
ENGINE SPEED, rpm 


Brake Specific Fuel Consumption, Torque, 
and Brake Horsepower versus Engine rpm 
at Wide-Open-Throttle--Chevrolet 305-CID 
Engine. 
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250 
240 
230 


220 


210 
4200 


190 


4,500 


TORQUE, ft-1b 


AIR-FUEL RATIO 


/ 


2,090 rpm 


0 20 40 60 89 100 120 0 25 50 75 100 125 150 


POWER, bho 


FIGURE 2. Air Fuel Ratio versus Power at Various 
Speed and Load Conditions--Chevrolet 
305-CID Engine. 
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CARBON MONOXIDE, grams/hour 


20 40 60 80 100 120 


POWER, bhp 


24,000 
3,800 rpm 
20,000 
® C) 
16 ,000 
12,000 
8,000 
e@ 
4,000 
Os ) 98 lO eS ee 


FIGURE 3. Carbon Monoxide Emissions versus Power at 
Various Speed and Load Conditions--Chevrolet 


305-CID Engine. 
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HYDROCARBON, grams/hour 


100 


FIGURE 4. 
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240 
3,090 rpm 

200 
160 
129 

80 

40 es 

0 a SO TS) 10On, 125 


100. «125 


120 25 50 75 
POWER, bhp 


80 100 


Hydrocarbon Emissions versus Power at 
Various Speed and Load Conditions-- 
Chevrolet 305-CID Engine. 
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120 


150 


OXIDES OF NITROGEN, grams/hour 


0 204 ONGC OMNGONNNTOONMEIZO 


3,000 rom 


1,600 rpm 


0 25 50 75 100 #125 #150 
POWER, bho 


FIGURE 5. Oxides of Nitrogen Emissions versus Power at 
Various Speed and Load Conditions--Chevrolet 


305-CID Engine. 
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FUEL RATE, 1b/hour 


FIGURE 6. 


pa 2,500 rpm = 


80 100 =6120 
PONER, bhp 


Fuel Rate versus Power at Various Speed 
and Load Conditions--Chevrolet 305-CID 
Engine. 
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